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ABSTRACT
Data are lacking on the temperature changes of food during transport without the use of refrigerated trucks. The purpose of
this study was to evaluate the ability of several insulated and noninsulated containers with or without frozen gel packs to keep
perishable and refrigerated foods within the temperature safe zone in relationship to duration of transport. The study was designed
to duplicate the practices exhibited by customers purchasing perishable food products from a cash-and-carry business.
Approximately 40 perishable food items were evaluated. Four types of containers were tested: a mylar foil bag, a commercial
insulated bag, a generic insulated bag, and a commercial insulated blanket. Mixed foods were placed into these containers with or
without frozen gel packs, transported in unrefrigerated vehicles, and monitored for 4 h for temperature changes. Two
environmental temperatures, room temperature of 21.1uC and a stress temperature of 37.8uC, were evaluated. The internal
temperature and surface temperature of the food products in these containers increased slowly but remained well below the U.S.
Food and Drug Administration Food Code requirements. The various containers were similar in their ability to retain coolness.
The presence of frozen gel packs dramatically enhanced the cold-holding capacity of the containers. The temperature of foods
increased more rapidly when stressed in a heated environment. The containers tested used with the frozen gel packs can keep the
surface and internal temperatures of various perishable foods (starting at 4.4uC or less) within the Food Code recommendation of
under 21.1uC for 4 h. Cash-and-carry businesses should strongly encourage their retail customers to utilize these containers with
frozen gel packs to safely transport perishable foods.

Public health regulations require that perishable foods
(potentially hazardous foods and foods requiring time and
temperature controls for safety) be transported, received,
and stored at 5.0uC or below to control the growth of
bacteria in food. The U.S. Food and Drug Administration
(FDA) Food Code contains the best advice for safeguarding
public health in relation to food. The 2009 edition of the
Food Code (12) states that if time without temperature
control is used as a public health control, ‘‘the food shall
have an initial temperature of 5.0uC or less when removed
from temperature control and the food temperature may not
exceed 21.1uC within a maximum time period of 6 h.’’
Foods characterized as potentially hazardous (those needing
time and temperature control for safety) are commonly
transported on trucks equipped with refrigerator units or are
packed with ice.
According to the U.S. Department of Agriculture
(USDA), foods held at temperatures higher than 5.0uC
allow the growth of microorganisms (2). The rate of
microbial growth is exponentially increased as food
temperatures elevate particularly when they exceed 21.1uC
(12). Several factors, such as the type and thickness of the
* Author for correspondence. Tel: 973-655-5291; Fax: 973-655-7042;
E-mail: specchioj@montclair.edu.

food and the temperature difference between the food and
its surroundings, may influence the rate of temperature
change in the food (4). Schaffner (10) in his review of an
FDA position paper and the Supplement to the 2005 FDA
Food Code (11) stated that refrigerated food (4.4uC or less)
can safely be held for up to 6 h without external temperature
controls as long as the food temperature does not exceed
21.1uC (10, 13).
This study was focused on the cash-and-carry perishable food business because the window of food safety is the
time from purchase until refrigeration at the final destination. Data on temperature changes in food transported from
retail establishments to restaurants or homes are lacking and
could be used to estimate the temperature changes of food
during transport under various scenarios (10). Information
from the EcoSure 2007 cold temperature database (4)
indicates that most travel times for food are between 30 min
and 2 h. This is well below the 6 h maximum stated in the
FDA Food Code. The present study was designed to
replicate the transport of perishable foods without a
refrigerated truck under typical cash-and-carry circumstances utilizing insulated and noninsulated containers with or
without frozen gel packs. Cash-and-carry businesses, in
which food goods are sold to the customer from a wholesale
warehouse operated on a self-serve basis, have been
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MATERIALS AND METHODS
Materials. All food products, insulated and noninsulated
bags, and frozen gel packs were obtained from a cash-and-carry
business in Pine Brook, NJ. Food products tested in this study were
Brie cheese, provolone cheese, goat cheese, Camembert cheese,
Gorgonzola cheese, ricotta cheese, mozzarella cheese, pecorino
cheese, raw roasting chicken, cooked turkey breast, short rib meat,
hanger steak meat, ground beef, fish fillets, crab meat, smoked
salmon, baked smoked salmon, tuna salad, salmon salad, shrimp
salad, chicken salad, and eggs.
Cash-and-carry food establishments offer several types of
transport containers in which their customers can pack perishable
foods: mylar foil bags, commercial insulated bags, generic insulated
bags, and commercial insulated blankets. At this business, the mylar
foil bags were 18 in. long, 18 in. high, and 6 in. wide (45.7 by 45.7
by 15.2 cm). The commercial insulated bags were 14 in. long, 10 in.
wide, and 12 in. high (35.6 by 25.4 by 30.5 cm) and 20 in. long,
12 in. wide, and 9 in. high (50.8 by 30.5 by 22.9 cm). Both insulated
bags were made of tufted nylon (interior and exterior), with 0.5-in.
(1.3-cm) foam insulation and a lid with a zipper closure. The
commercial insulated blanket was 72 by 80 in. (182.9 by 203.2 cm).
All temperature readings were obtained with three standard
KM28 thermocouples (Comark Instruments, Beaverton, OR) with
6-in. (15.2-cm) needle probes, a temperature range of 240 to
537.8uC, and accuracy of ¡1.1uC. The thermocouples were
calibrated every day before use. At the Food Science Laboratories
(Montclair State University, Montclair, NJ), closed bags were
placed on the benchtop and opened initially just long enough to
insert a thermocouple probe in each food product, which had a
minimal effect on temperature fluctuations. The bags then
remained closed for the remainder of the study.
Frozen gel packs. The temperature of each food item
purchased from the cash-and-carry food business was taken
immediately before exiting the store. The food items were placed
in mylar foil bags with or without frozen gel packs and transported
by car to the Food Science Laboratories for temperature monitoring.
Transportation time in all cases was approximately 30 min.
The mylar foil bags with product were placed on a laboratory
bench upon arrival at the Food Science Laboratories in an
environment with a ambient temperature of 21.1uC or a stress
temperature of 37.8uC. The temperatures of each food product
were taken at 15-min intervals for 4 h.
Stress temperature. Selected food items purchased from the
same cash-and-carry food business were placed in mylar foil bags

with frozen gel packs. The fresh fish fillets were packaged in a
plastic bag that in turn was placed into a second plastic bag
containing crushed ice. This packing method is a standard
operating procedure used by most cash-and-carry facilities for all
fresh fish products. The temperature of each food item was taken
immediately before exiting the store. All bags were transported to
the Food Science Laboratories for temperature monitoring.
An incubator (model 2310, Sheldon Manufacturing Inc.,
Cornelius, OR) was used to create a 37.8uC stress temperature
environment under which perishable food products might be held
during transportation. The temperatures of each food product were
taken at 15-min intervals for 4 h.
Comparison of different containers. Selected food items
purchased from the same cash-and-carry food business were placed
in mylar foil bags, commercial insulated bags, generic insulated
bags, and insulated blankets containing frozen gel packs and
transported to the Food Science Laboratories. The temperatures of
each food product were taken at 15-min intervals for 4 h.
Crushed ice cover. In this phase of the study, a new approach
was introduced that involved packing canned crab meat and
smoked fish in ice in the same manner as fresh fish is prepared for
sale to the customer. The food items were covered with crushed ice
and sealed in separate plastic bags and then placed in mylar foil
bags or commercial insulated bags containing frozen gel packs. All
bags were transported to the Food Science Laboratories. The
temperatures of each food product were taken at 15-min intervals
for 4 h.
Statistical analysis. All studies were conducted in replicates
(n $ 3). The temperatures of all the foods in each study were
measured at 15-min intervals for 4 h. The outcome variables
(temperatures) were analyzed using generalized estimating equation models for longitudinal data (Proc genmod procedure) in SAS
9.3, Windows version (SAS Institute, Cary, NC). The covariates in
the models included the treatment, such as packaging method,
environment temperature, measurement method (internal or
surface), and time and a treatment by time interaction term. In
the fitted longitudinal models, the coefficients of time indicate the
effect of time on temperature. The treatment by time interaction
terms indicate the difference of the effect of treatment on the
temperature over time. Plots of the temperature change with time
and treatment in the samples were drawn to visualize the effects.
All the statistical analyses, including graphs and models, were
generated using SAS 9.3.

RESULTS
Effect of environment temperature and frozen gel
packs on the internal temperature of foods. To determine
whether the temperatures of foods with and without frozen
gel packs were different, we monitored the internal
temperature change of foods for 4 h at two environment
temperatures, 21.1uC (70uF) and 37.8uC (100uF). In foods
held in mylar foil bags with the frozen gel packs, the
temperature increased from 4.0 to 11.0uC within 4 h when
the environment temperature was 21.1uC (Fig. 1A). Without
the frozen gel packs, the temperature of the foods increased
from 5.5uC (41.9uF) to 11.5uC (52.7uF) within 4 h
(Fig. 1A). Under both conditions, the internal temperatures
of the foods followed the similar trend of staying below
21.1uC for 4 h as required by the FDA Food Code. To
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growing steadily during the last decade. The customers are
typically retailers, professional users, caterers, and institutional buyers. After selecting the products, the buyers
immediately pay (cash or credit) and then transport the
goods to the retail outlets. The advantages of this method
are that the customers can shop for the best quality and
value and make purchase decisions on site.
Because at these cash-and-carry businesses perishable
products are purchased in bulk amounts and transported by
the customer in refrigerated and nonrefrigerated vehicles,
appropriate food safety practices are very important. The
purpose of this study was to address the effectiveness of
insulated and noninsulated containers and frozen gel packs
for keeping perishable and refrigerated foods within the safe
temperature zone in relationship to duration of transport.
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simulate a worst-case scenario, the environment temperature
was increased to 37.8uC. At this external temperature, the
internal temperature of foods rose more slowly with than
without frozen gel packs (Fig. 1B). However, in both cases
the temperature of foods remained well below 21.1uC for
4 h.
To investigate the impact of environment temperature,
we chose a variety of food items and recorded the change of
their internal temperatures over time at two environment
temperatures, 21.1 and 37.8uC. Mylar foil bags with frozen
gel packs were used for this phase of the study.
Figure 2A shows that the trend for changes in the
internal temperature in all food items tested was different at
the two environment temperatures. Temperatures in both
groups increased with time but increased more quickly at
the stress temperature (37.8uC). We obtained the same
results with the fitted model (Table 1, model 1A); time had
a positive coefficient, and the interaction of time by
environment temperature at 21.1uC had a negative coefficient. Both terms were significant. The significant interaction term indicates that the rate of temperature change at the
stress temperature was significantly higher than that at room
temperature (Table 1, model 1A). However, in both cases,
the temperature of the foods remained below 12.8uC for 4 h
(Fig. 1A).
Similarly, a plot for several cheese and meat products
was drawn using the sample data (Fig. 2B and 2C,
respectively). Fitted models results are given in Table 1
(models 1B and 1C). The results were similar to those for
model 1A, in which all the food items were included. Both
models showed increases in internal temperature over time.
The rate of increase at the stress temperature (37.8uC) was
significantly higher than that at room temperature. For fresh
fish fillets, slight fluctuations in the internal temperature
were due to differences in the thickness and density of the
fillets, but all temperatures were well below the FDA
requirements (Fig. 2D). Only slight differences were
observed for salads stored at room and stress temperatures
(Fig. 2E). For all food items tested, the temperatures

remained well below 21.1uC for the 4 h, as required by
the FDA Food Code.
Effect of different containers on the internal
temperature of foods. In this phase of the study, four
different types of insulated and noninsulated containers
were tested to determine which would be most effective for
controlling the internal temperature of foods. The longitudinal model indicated that the temperatures of all foods
increased over time regardless of packaging container
(Fig. 3A and Table 2, model 2A). The increasing rates
were not significantly different among the four containers.
All the containers maintained internal food temperatures for
4 h that were well within the FDA requirements.
A similar model was built for cheese products only
(Fig. 3B and Table 2, model 2B). The internal temperatures
of cheese products in all four containers increased over time.
The mylar bag was significantly more effective than the
commercial insulated blanket for maintaining a constant
food temperature throughout the 4 h storage period
(Table 2, model 2B).
Effect of environment temperature on the surface
temperature of foods. Although the internal temperature
is extremely important in the safety of food, surface
temperature is equally as important for creating conditions
for microbial growth. Thus, a study was conducted to
measure the change in the surface temperature of foods at
two environment temperatures, 21.1 and 37.8uC.
The surface temperature of foods initially increased at
both environment temperatures (Fig. 4). However, after
approximately 45 min the surface temperatures started to
level off in both cases and remained stable for 4 h at well
below the 21.1uC required by the FDA Food Code. The
surface temperature difference between the two environment
temperatures was not significant (Table 3, model 4).
Comparison of internal and surface temperatures of
foods stored at different environment temperatures. The
safety of a food product is determined by both surface and
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FIGURE 1. Effect of frozen gel packs (FG) on mean internal temperature (n $ 3) of chicken salad and Brie cheese stored at room
temperature (21.1uC) (A) and stress temperature (37.8uC) (B) in mylar foil bags.
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FIGURE 2. Effect of environment temperature (21.1 and 37.8uC) on the mean internal temperature (n $ 3) of all food items tested (A),
cheese products only (B), meat products only (C), fresh fish fillets only (D), and salads only (E) packed in mylar foil bags containing frozen
gel packs. Food items included provolone cheese, goat cheese, Brie cheese, Camembert cheese, short rib meat, hanger steak meat, ground
beef, fresh sole fillets, tuna salad, salmon salad, and shrimp salad.

internal temperatures. Therefore, we compared the surface
temperature and internal temperature of various foods stored
at both environment temperatures.
At room temperature (21.1uC), the surface temperature
of foods increased within the first 45 min and then became

stable for the remainder of the 4 h (Fig. 5A). In contrast, the
internal temperature remained relatively consistently low.
Similar results were observed at the stress temperature of
37.8uC; the surface temperature increased in the first 45 min
and then stabilized, and the internal temperature rose

J. Food Prot., Vol. 77, No. 8
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TABLE 1. Comparison of internal temperature changes of foods packed in mylar foil bags containing frozen gel packs and stored at
room (21.1uC) and stress (37.8uC) environment temperatures
b (SE)
Predictor

Intercept
Environment tempa
Time
Time | environment tempa

Model 1A (all foods)

2.24
20.10
0.02
20.01

(0.44)
(0.88)
(0.003)b
(0.004)c

Model 1B (cheese only)

2.13
0.21
0.03
20.02

Model 1C (meat only)

(0.86)
(1.49)
(0.005)b
(0.007)c

2.91
21.61
0.02
20.01

(0.12)
(1.68)
(0.002)b
(0.005)d

a

slightly throughout the 4 h (Fig. 5B). In each case, the
temperatures remained below the FDA Food Code requirements. The fitted models (Table 3, models 5 and 6)
indicated that the rate of increase for the surface and
internal temperatures was not significantly different. The
mean internal temperatures were significantly lower than
mean surface temperatures.
Addition of crushed ice cover. A new approach was
introduced for packing canned crab meat and smoked fish in
crushed ice in a manner similar to packaging used for fresh
fish fillets. A can of crab meat was covered with crushed ice
and sealed in a plastic bag, and a package of smoked salmon
was similarly covered in crushed ice and sealed in a separate
plastic bag. Each food item was placed in separate mylar foil
bags or commercial insulated bags with frozen gel packs. In
both cases, the internal temperature of the foods declined
slightly before rising during the 4 h of storage (Fig. 6). The
insulated commercial bags maintained a more stable internal
temperature of the foods. The fitted model (Table 3, model
3) indicated that the mean temperature increase was not
significant, but the mylar foil bag with crushed ice produced

a slightly higher rate of mean temperature increase than did
the commercial insulated bag with crushed ice.
DISCUSSION
The purpose of this study was to address the efficiency
of insulated and noninsulated containers with and without
frozen gel packs for keeping perishable and refrigerated
foods within the safe temperature zone in relationship to
duration of transport. The study was designed to duplicate
a real-life situation that occurs at cash-and-carry food
establishments. We attempted to duplicate purchasing
practices by selecting typical perishable food items. Cashand-carry establishments restrict sales to wholesale commercial customers such as restaurants and retail food stores.
No sales are made directly to individual consumers. Food
temperatures in the storage bags were measured both
internally and on the surface of the food over a period of
4 h. The 2009 FDA Food Code (12) stated that food can be
held up to 4 h as long as the initial temperature is 5.0uC or
less and the food is cooked and served within 4 h from the
time when it is removed from temperature control.
Similarly, food may be held up to 6 h as long as the food

FIGURE 3. Effect of different packaging types on the mean internal temperature (n $ 3) of all food items tested (A) and cheese products
only (B) packed with frozen gel packs and stored at room temperature (21.1uC). Food items: provolone cheese, goat cheese, Camembert
cheese, Gorgonzola cheese, pecorino cheese, ricotta cheese, mozzarella cheese, raw roasting chicken, cooked turkey breast, salmon salad,
tuna salad, and eggs. Packaging types: generic insulated bag, mylar foil bag, commercial insulated bag (RefWBag), and commercial
insulated blanket (RefWBl).
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Comparison during storage at 37.8 and 21.1uC.
P , 0.001.
c
P , 0.01.
d
P , 0.05.
b

1322

LI ET AL.

J. Food Prot., Vol. 77, No. 8

TABLE 2. Comparison of internal temperature changes of foods
packed in four different containers and stored at room temperature
(21.1uC)
b (SE)
Predictor

Intercept

Model 2A (all foods)

Model 2B (cheese only)

5.05 (0.57)

4.06 (0.22)

22.79 (0.79)b
0.49 (0.96)
22.65 (1.10)d

21.97 (0.73)b
2.89 (0.22)c
21.52 (1.42)

a

Time
Time | packagea
Generic bag
Mylar bag
Commercial bag

0.02 (0.003)c
20.004 (0.005)
20.006 (0.005)
20.005 (0.004)

0.02 (0.001)c
20.003 (0.004)
20.01 (0.000)c
20.004 (0.004)

a

Comparison with insulated blanket.
P , 0.01.
c
P , 0.001.
d
P , 0.05.
b

had an initial temperature of 5.0uC or less and the final
temperature does not exceed 21.1uC (3).
During the past few years, questions have been raised
about whether the safe temperature of perishable foods
purchased at cash-and-carry establishments could be
maintained during transportation without refrigerated trucks.
The objective of this study was to simulate actual real-time
temperature and time conditions from purchase to destination using typical cash-and-carry noninsulated mylar bags
and insulated commercial bags with and without ice packs.
The initial internal and surface temperatures were
measured at the place of purchase. In risk management
modeling, most calculations are based upon a 4.4uC starting
food temperature (10). In this study, the internal and
environmental temperatures at the time of purchase were at
or slightly below 4.4uC. In each study, approximately 30 min
of travel time occurred between the place of purchase and
the laboratory where the 4-h storage study was conducted.
The temperature change of a food is directly related to
the temperature difference between the food and its
environment (10). All temperatures at the start of the study
were at or slightly below 5uC. The FDA Food Code requires
all retail facilities to keep perishable food temperatures at or
slightly below 5uC. We duplicated actual storage temperatures that would be found at the cash-and-carry facility at
the time of food purchase. Those temperatures also were the
basis for Schaffner’s study (10). The external environmental
temperatures, the insulating properties of the bags, and the
size and density of the food products affected the changes in
temperature of the foods. The standard practice of cash-andcarry establishments is to place three ice packs in each bag.
In this study, we duplicated these actual practices. The ice
packs did not completely melt during the travel time plus 4 h
of the study.
An initial increase in temperature was noted at the
beginning of each study, which gradually slowed as
environment and food temperatures equilibrated (10). In

FIGURE 4. Effect of environment temperature (21.1 and 37.8uC)
on the mean surface temperature (n $ 3) of foods packed in mylar
foil bags with frozen gel packs. Food items included provolone
cheese, goat cheese, Brie cheese, Camembert cheese, short rib
meat, hanger steak meat, ground beef, fresh sole fillets, chicken
salad, crab meat, and smoked salmon.

all cases and conditions, the internal and surface temperatures of each food stayed well below the 21.1uC limit for 4 h,
as required by the FDA Food Code (12). Our results
supported those of Schaffner (10) and the FDA Food Code,
i.e., starting temperatures were a major factor in keeping the
temperatures below the 21.1uC requirement for 4 h.
According to the EcoSure 2007 cold temperature
database (4), a study conducted with 900 consumers who
purchased perishable food products with travel times of
30 min to 2 h (most frequent time was 1 to 1.5 h) revealed
that without any temperature controls the average temperature rise during transport was 3.7 to 4.9uC depending on
the product. Those data also revealed a correlation between
transport time and average temperature rise. Other researchers have identified many other factors associated with the
temperature of transported food, including vehicle air
conditioning, outside temperature, and placement of the
product in the vehicle (2, 4, 9).
The results of our study suggest that between
environmental outside temperatures of 21.1 and 37.8uC,
perishable food products can be transported and held at safe
temperatures using noninsulated mylar and insulated bags
and commercial blankets with or without frozen gel packs to
maintain quality, extend shelf life, and ultimately minimize
the microbial and metabolic deterioration of the food for up
to 4 h between purchase and destination. Because the
physical properties of food could have affected these results,
various food products of different sizes and densities were
used in the study to duplicate actual purchases. The results
obtained indicate that most types of perishable foods,
regardless of size, density, and composition, can be
maintained at safe temperatures and safely transported with
noninsulated mylar bags and insulated bags and blankets
with or without frozen gel packs. Without these bags and ice
packs, product abuse can result from temperatures that fall
outside the safe zone as required by the FDA Food Code.
High temperatures increase rates of microbial growth and
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TABLE 3. Comparison of multiple variables associated with transport and storage of perishable foods
b (SE)
Predictor

0.72 (0.21)
0.38 (0.44)

Model 4 (surface temp)b

8.03 (0.61)

Model 5 (21.1uC, mylar)c

Model 6 (37.8uC, mylar)d

7.31 (0.48)

8.03 (0.61)

25.17 (0.90)e
0.006 (0.003)f

25.79 (0.75)e
0.012 (0.006)f

0.002 (0.004)

0.009 (0.007)

20.72 (0.78)
0.003 (0.002)
0.005 (0.008)f

0.01 (0.005)

f

20.006 (0.006)

a

Comparison of internal temperature changes of foods packed in mylar foil bags plus crushed ice cover versus commercial insulated bags
plus crushed ice cover stored at room temperature (21.1uC).
b
Comparison of surface temperature changes of foods packed in mylar foil bags containing frozen gel packs and stored at different
environment temperatures (21.1 and 37.8uC).
c
Comparison of internal temperature and surface temperature of foods packed in mylar foil bags containing frozen gel packs at stored at
room temperature (21.1uC).
d
Comparison of internal temperature and surface temperature of foods packed in mylar foil bags containing frozen gel packs and stored at
stress temperature (37.8uC).
e
P , 0.001.
f
P , 0.05.

vitamin losses in some fruits and vegetables; in contrast, low
temperatures can cause off-flavors, discoloration, and lack
of ripening in these same products (8).
Some researchers have suggested that the only way to
maintain safe retail food temperatures during transport is to
utilize refrigerated trucks (1, 2), and a large percentage of
perishable foods are transported by commercial trucks
equipped with refrigeration units. Modern transport procedures include the use of microprocessors and satellite
monitors to control refrigeration temperatures during
transport. However, many issues must be considered when
discussing the safe truck transport of perishable foods.
Foremost is an adequate refrigeration unit sized specifically
to the dimensions of each trailer to remove heat from
various sources, including the residual heat from the air
inside the trailer. Depending on the differential between the

inside and outside air, exterior heat can be conducted
through the floor, walls, and ceiling; heat can infiltrate
through small cracks, holes, and door seals; excess heat can
be generated by foods that are above the desired transport
temperature; and heat of respiration can be generated by
fresh fruits and vegetables in mixed loads. Even under the
best of circumstances, overloading of trailers, poor pallet
placement, restricted air circulation, and employee error can
result in elevated temperatures leading to food safety issues
(1, 5). Our study indicated that transport of perishable foods
in nonrefrigerated trucks in noninsulated mylar bags or
insulated bags with or without gel packs provided a safe
product temperature between purchase and refrigeration at
the retail site for up to 4 h.
Foods held outside of the safe temperature zone pose
different health risks depending on the type of foodborne

FIGURE 5. Comparison of mean internal and surface temperatures (n $ 3) of foods at room temperature (21.1uC) (A) and stress
temperature (37.8uC) (B). Food items included provolone cheese, goat cheese, Camembert cheese, Brie cheese, short rib meat, hanger
steak meat, ground beef, fresh sole fillets, shrimp salad, tuna salad, chicken salad, crab meat, and smoked salmon.
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should strongly encourage their retail customers to utilize
mylar bags, commercial insulated bags, commercial insulated
blankets, and frozen gel packs and should provide these items
to assure that the temperatures of the foods sold remain in the
safe zone during transport and storage.
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FIGURE 6. Effect of addition of a crushed ice cover when
packing canned crab meat, smoked salmon, and baked smoked
salmon in mylar foil bags and commercial insulated bags
(RefWBag). The mean temperatures are shown (n $ 3).

pathogens that may be present and the amount of time that
the food was held under optimal conditions for microbial
growth. Listeria monocytogenes is the primary microorganism of concern for foods stored under nonrefrigerated
conditions. However, as a psychrotrophic organism L.
monocytogenes can grow at refrigeration temperatures and
thus still pose a health risk (6, 7). The generation time for L.
monocytogenes at 5.0uC is 13 to 25 h and requires a
minimum water activity of 0.92 (6, 7). The FDA and USDA
have a zero-tolerance level for L. monocytogenes in readyto-eat foods. However, conditions permitted in the Food
Code would allow L. monocytogenes cells 1 log unit of
growth (3.3 generations) (6, 7, 12). Factors that contribute to
L. monocytogenes infection are not fully understood but
include host immunity, level of inoculum, virulence of the
strain, and the food matrix (6, 7). Controls to restrict the
growth of L. monocytogenes in foods would be effective for
also limiting the growth of other pathogenic microorganisms
(6, 7). Although other microorganisms of concern can occur
at refrigerated temperatures, the FDA (14) has indicated that
L. monocytogenes is a primary organism of concern.
In conclusion, to our knowledge, this is the first study to
examine a real-time cash-and-carry operation using perishable foods under actual environmental and travel conditions.
Our study results validated the use of mylar bags, commercial
insulated bags, and commercial insulating blankets with or
without frozen gel packs to keep the surface and internal
temperatures of perishable foods with a starting temperature
at 4.4uC (40uF) within the parameters of the Food Code
regulation of under 21.1uC for 4 h at both ambient (21.1uC)
and stress (37.8uC) temperatures. Cash-and-carry businesses
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